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PSEUDO-ARBITRAJE Y VALORACIÓN  
 











Las imperfecciones de los mercados financieros y la falta de liquidez pueden generar 
altos costes de transacción. Esto es especialmente claro e importante en mercados 
derivados (muchos de ellos OTC) de reciente aparición (derivados eléctricos, 
meteorológicos, sobre mercancías, sobre inflación, etc.). Desde un punto de vista 
práctico es obvio que en estos mercados es difícil la valoración mediante la aplicación 
de las técnicas habituales de rebalanceo en tiempo continuo. Propondremos el concepto 
de pseudo-arbitraje para superar estos problemas, caracterizaremos la ausencia o 
presencia de pseudo-arbitraje y veremos cómo el pseudo-arbitraje permite aprovechar la 
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Xqlyhuvlgdg Fduorv LLL gh Pdgulg1 Ghsduwdphqwr gh
Hfrqrp￿d gh od Hpsuhvd1 F2 Pdgulg/ 4591 5;3<6 Jhwdih
+Pdgulg,1 Wi <4 957 <969/ id{ <4 957 <93;/ fruuhr hohfwu￿qlfr
edoedvChps1xf6p1hv1
Lqyhvwljdfl￿q sdufldophqwh ￿qdqfldgd sru ho Plqlvwhulr
gh Flhqfld | Whfqrorj￿d +uhihuhqfld ￿.￿2fff3￿￿HH3￿fe3
f￿, | od Frpxqlgdg Dxw￿qrpd gh Pdgulg +uhihuhqfld ￿￿￿
f.A* ff2.* 2fff,1
4 UHVXPHQ
Odv lpshuihfflrqhv gh orv phufdgrv ￿qdqflhurv | od idowd gh
oltxlgh} sxhghq jhqhudu dowrv frvwhv gh wudqvdffl￿q1 Hvwr
hv hvshfldophqwh fodur h lpsruwdqwh hq phufdgrv ghulyd0
grv +pxfkrv gh hoorv ￿A￿, gh uhflhqwh dsdulfl￿q +ghulydgrv
ho￿fwulfrv/ phwhruro￿jlfrv/ vreuh phufdqf￿dv/ vreuh lq dfl￿q/
hwf1,1 Ghvgh xq sxqwr gh ylvwd su￿fwlfr hv reylr txh hq hv0
wrv phufdgrv hv gli￿flo od ydorudfl￿q phgldqwh od dsolfdfl￿q
gh odv w￿fqlfdv kdelwxdohv gh uhedodqfhr hq wlhpsr frqwlqxr1
Sursrqguhprv ho frqfhswr gh svhxgr0duelwudmh sdud vxshudu
hvwrv sureohpdv/ fdudfwhul}duhprv od dxvhqfld r suhvhqfld
gh svhxgr0duelwudmh | yhuhprv f￿pr ho svhxgr0duelwudmh shu0
plwh dsuryhfkdu od krutxlood gh suhflrv sdud ydorudu dfwlyrv1
5 LQWURGXFFL￿Q
Od ydorudfl￿q gh dfwlyrv ￿qdqflhurv vljxh vlhqgr xqr gh orv
sureohpdv fhqwudohv gh od hfrqrp￿d ￿qdqflhud1 Orv prghorv
gh ydorudfl￿q fo￿vlfrv/ frpr ho elqrpldo/ Eodfn | Vfkrohv/
FLU/ Ydvlfhn/ hwf1/ y￿dvh Lqjhuvroo +4<;<,/ vxhohq dujxphqwdu
sru dxvhqfld gh duelwudmh hq phufdgrv frpsohwrv | shuihf0
wrv1 Hvwrv dq￿olvlv vxsrqhq xqdv frqglflrqhv lghdohv txh qr
qhfhvduldphqwh vh yhul￿fdq hq od su￿fwlfd/ sxhv/ sru hmhpsor/
odv lpshuihfflrqhv jhqhudq xqd vhulh gh frvwhv gh wudqvdffl￿q
txh orv djhqwhv ghehq dvxplu1 Od whru￿d dfwxdo kd derugdgr
ho sureohpd gh ydorudfl￿q hq phufdgrv lpshuihfwrv/ dvxp0
lhqgr dxvhqfld gh duelwudmh/ | h{whqglhqgr | jhqhudol}dqgr
uhvxowdgrv fo￿vlfrv +y￿dqvh Mrxlql | Ndoodo +4<<8,/ Vfkohlihu |
Ylvkq| +4<<:,/ Mdvfknh +4<<;, r O￿sh} +5334,/ hqwuh rwurv,/
shur wdpel￿q kd lqwhqwdgr qxhydv y￿dv gh lqyhvwljdfl￿q pr0
wlydgdv sru uhvxowdgrv gh qdwxudoh}d hps￿ulfd1 Hq hihfwr/
orv frqwudvwhv hps￿ulfrv qr vlhpsuh frqfox|hq od dxvhqfld
gh duelwudmh +y￿dqvh/ sru hmhpsor/ Ndpdud | Ploohu +4<<8, r
Nhpsi | Nruq +4<<;,, or txh kd prwlydgr txh qxphurvrv dx0
wruhv lqwhqwhq h{solfdu od srvleoh frpsdwlelolgdg hqwuh duel0
wudmh | htxloleulr y￿d odv lpshuihfflrqhv gho phufdgr +y￿dqvh
Kroghq +4<<8, r Orqjvwd￿ +5334,,1
Hq hvwh duw￿fxor suhwhqghprv deulu xqd qxhyd y￿d gh
dq￿olvlv sdud uhodflrqdu odv lpshuihfflrqhv | odv w￿fqlfdv
gh ydorudfl￿q1 E￿vlfdphqwh/ lqwurgxfluhprv ho frqfhswr gh
fduwhud r hvwudwhjld gh svhxgr0duelwudmh/ txh frqvlvwh hq od
srvlelolgdg gh phmrudu odv frqglflrqhv | frwl}dflrqhv txh
vh revhuydq hq ho phufdgr fxeulhqgr odv srvleohv srvlflrqhv
txh vh wrphq phgldqwh od lpsohphqwdfl￿q gh duelwudmhv1 Yhu0
vlrqhv px| suholplqduhv | sduwlfxoduhv gh od w￿fqlfd kdq vlgr
frqwudvwdgdv hps￿ulfdphqwh hq Edoe￿v/ Orqjduhod | Oxfld
+4<<<, | Edoe￿v/ Orqjduhod | Sdugr +5333,1 Hq ho sulphu
wudedmr vh dqdol}dq rsflrqhv vreuh ￿qglfhv gh fdw￿vwurihv
qdwxudohv/ dfwlyrv gli￿flophqwh ydorudeohv phgldqwh w￿fqlfdv
kdelwxdohv sru fxdqwr vrq px| srfr o￿txlgrv | ho vxe|d0
fhqwh qr hv qhjrfldeoh hq orv phufdgrv ￿qdqflhurv1 Hq ho
vhjxqgr fdvr vh hvwxgldq orv ghulydgrv vreuh ho U￿.f￿D/
dfwlyrv fodudphqwh p￿v o￿txlgrv1 Hq dperv fdvrv vh pxhv0
wudq odv srvlelolgdghv gh ydorudfl￿q | vhohffl￿q gh lqyhuvlrqhv
sru svhxgr0duelwudmh frpr dowdphqwh su￿fwlfdv | dsolfdeohv
hq od uhdolgdg1 Hvwr hv hvshfldophqwh lpsruwdqwh sdud phu0
fdgrv gh edmd oltxlgh}/ sxhv vrq fdgd yh} p￿v iuhfxhqwhv
+sl￿qvhvh hq phufdgrv gh ghulydgrv ho￿fwulfrv/ phwhruro￿jl0
frv/ vreuh phufdqf￿dv/ vreuh lq dfl￿q/ hwf1, | qr vh frqrfhq
w￿fqlfdv suhflvdv gh ydorudfl￿q sdud hoorv1
Hq orv wudedmrv gh Edoe￿v/ Orqjduhod | Oxfld +4<<<, |
Edoe￿v/ Orqjduhod | Sdugr +5333, vh loxvwud hps￿ulfdphqwh
od w￿fqlfd/ shur qr kd| uhvxowdgrv wh￿ulfrv txh h{soltxhq
kdvwd g￿qgh od plvpd sxhgh oohjdu/ ql vh dqdol}dq srvleohv
h{whqvlrqhv/ prgl￿fdflrqhv r jhqhudol}dflrqhv1 Vlpsohphqwh
vh frqwudvwd ho frqfhswr gh svhxgr0duelwudmh phgldqwh od xwl0
ol}dfl￿q gh od phglgd gho qlyho gh duelwudmh lqwurgxflgd hq
Edoe￿v | Px￿r} +4<<;,1 Ho suhvhqwh duw￿fxor dedqgrqd ho hq0
irtxh gh Edoe￿v | Px￿r}/ lqwurgxfh irupdophqwh od gh￿ql0
fl￿q gh svhxgr0duelwudmh | or hvwxgld hq surixqglgdg ghvgh
ho sxqwr gh ylvwd wh￿ulfr/ oohjdqgr d frpsohwdu xqd sduwh gh
odv txh sduhfhq vxv p￿owlsohv srvlelolgdghv | dsolfdflrqhv1
Xwlol}duhprv prghorv hvw￿wlfrv sru fxdqwr vh suhwhqgh
txh od dsolfdfl￿q p￿v qryhgrvd vhd sdud phufdgrv gh edmd
oltxlgh}/ hq orv txh ho uhedodqfhr gh fduwhudv hv gli￿flo gh
lpsohphqwdu1 Ghqwur gh hvwh pdufr hvw￿wlfr/ ho hvwxglr vh
uhdol}du￿ phgldqwh odv w￿fqlfdv gh rswlpl}dfl￿q/ wdqwr hv0
fdodu frpr yhfwruldo +r pxowlremhwlyrv,1 Ghvgh ho wudedmr
ixqgdphqwdo gh Pdunrzlw}/ pxfkdv vrq odv dsolfdflrqhv ￿0
qdqflhudv txh vh kdq ghulydgr gh od whru￿d gh od rswlpl}dfl￿q
+y￿dvh/ sru hmhpsor/ Dqghuvvrq/ Pdxvvhu | Xu|dvhy +5334,
sdud xqd dsolfdfl￿q px| lqwhuhvdqwh | uhflhqwh,1 Wudedmduh0
prv frq xq q￿phur qr qhfhvduldphqwh ￿qlwr gh hvwdgrv gh
od qdwxudoh}d/ or txh lpsolfdu￿ ho xvr gh od rswlpl}dfl￿q hq
hvsdflrv gh Edqdfk/ hq od o￿qhd gh Oxhqehujhu +4<9<,1 Qr
revwdqwh/ orv uhvxowdgrv vrq px| i￿flophqwh wudvodgdeohv do
fdvr ￿qlwr glphqvlrqdo/ vlwxdfl￿q hq od txh odv khuudplhq0
wdv pdwhp￿wlfdv vh vlpsol￿fdq vhqvleohphqwh | qr ydq p￿v
doo￿ gh odv kdelwxdohv gho ￿ojheud olqhdo +y￿dvh/ sru hmhpsor/
Jxwl￿uuh} +4<;9,,1
Ilqdophqwh/ ghvwdfduhprv txh odv w￿fqlfdv txh xvh0
prv gh rswlpl}dfl￿q yhfwruldo vh ydq d edvdu hq ho sur0
fhglplhqwr gh hvfdodul}dfl￿q/ y￿dvh Wdqlqr/ Vdzdudj| |
Qdnd|dpd +4<;8,/ shur vh sxhgh h{whqghu wrgd od whru￿d txh
suhvhqwdprv dsolfdqgr odv phwrgrorj￿dv joredohv sdud od rs0
wlpl}dfl￿q yhfwruldo gh Jdoshulq +4<<:, r Edoe￿v/ Jdoshulq
| Jxhuud +5335,1 Odv w￿fqlfdv edvdgdv hq A3￿swlprv | ￿swl0
prv ixhuwhphqwh surslrv +Edoe￿v | Jxhuud +4<<9, r Dsdulflr
+4<<;,, wdpel￿q sxhghq vhu xwlol}dgdv1
6 SUHOLPLQDUHV \ QRWDFLRQHV
Hq hvwd vhffl￿q suhvhqwduhprv dojxqdv qrwdflrqhv e￿vlfdv/
odv kls￿whvlv jhqhudohv | orv frqfhswrv fodyhv txh uhlwhudgd0
phqwh dsolfduhprv d or odujr gho wudedmr1
Frqvlg￿uhqvh ? ydoruhv duelwudulrv ￿￿/ ￿ ’￿ c2c￿￿￿c?/
qhjrfldeohv hq orv phufdgrv ￿qdqflhurv/ | vhdq R ’
ER￿cR 2c￿￿￿cR?￿ | ^ ’ E^￿c^ 2c￿￿￿c^?￿/ R￿ $ ^￿/ ￿ ’￿ c2c￿￿￿c?/
orv yhfwruhv irupdgrv sru orv phmruhv suhflrv gh frpsud |
yhqwd gh fdgd ydoru1 Od fduwhud frpsxhvwd sru %￿ xqlgdghv
gh ￿￿ hq srvlfl￿q frpsudgrud h +￿ xqlgdghv gh ￿￿ hq srvl0
fl￿q yhqghgrud/ %￿c+ ￿ D f/ ￿ ’￿ c2c￿￿￿c?/ vh uhsuhvhq0




￿’￿E^￿%￿ 3R￿+￿￿ vhu￿ vx suhflr dfwxdo1 Vxs￿qjdvh txh A
hv xq lqvwdqwh ixwxur | vhd g ho frqmxqwr gh srvleohv hvwdgrv
gh od qdwxudoh}d hq A1 Vxs￿qjdvh dghp￿v txh g hvw￿ grwdgr
gh xqd wrsrorj￿d txh or frqylhuwh hq xq hvsdflr Kdxvgru￿ |
frpsdfwr1 Vl T￿E&￿ hv ho sdjr ￿qdo gh ￿￿/ ￿ ’￿ c2c￿￿￿c?/h q
A edmr & M g/ hqwrqfhv od ixqfl￿q uhdo T G W+





E%￿ 3 +￿￿T￿E&￿ +4,
sursruflrqd ho sdjr T E%c+c&￿ gh E%c+￿ hq A edmr ho hvwdgr
&1 Od h{suhvl￿q +4, suxhed fodudphqwh txh T hv olqhdo hq
od yduldeoh E%c+￿1 Dghp￿v/ T￿ G g 3< W+/ ￿ ’￿ c2c￿￿￿c?/v h
dvxplu￿ frqwlqxd/ frq or txh +4, lpsolfd txh T E%c+c3￿ G
g 3< W+ hv frqwlqxd hq od yduldeoh &1
Ho fo￿vlfr prghor gh xq shulrgr gh od hfrqrp￿d ￿0
qdqflhud vxhoh frqvlghudu txh orv hvwdgrv hvw￿q gdgrv sru
hvsdflrv gh suredelolgdg/ | qr sru hvsdflrv wrsro￿jlfrv frp0
sdfwrv | vhsdudgrv1 Frqvhfxhqwhphqwh/ orv suhflrv ixwxurv
+sdjrv, hvw￿q gdgrv sru ixqflrqhv gh fxdgudgr lqwhjudeoh
hq yh} gh frqwlqxdv1 Hvwh khfkr lpsolfd flhuwdv yhqwdmdv/
sxhv kdfh srvleoh od dsolfdfl￿q gh surslhgdghv txh v￿or vh
fxpsohq hq ho fdvr gh hvsdflrv gh Kloehuw +surslhgdghv gh
ruwrjrqdolgdg/ sru hmhpsor,1 D fdpelr/ ho frqmxqwr gh hv0
wdgrv gheh vhu grwdgr gh xqd glvwulexfl￿q gh suredelolgdg
lqlfldo/ | hvwd hv od ud}￿q sru od txh khprv dedqgrqdgr ho hq0
irtxh fo￿vlfr1 Suhwhqghprv txh orv uhvxowdgrv gh hvwh wudedmr
vhdq dsolfdeohv hq judq fdqwlgdg gh phufdgrv/ | qr txhuh0
prv txh odv frqvhfxhqfldv su￿fwlfdv ghshqgdq gh vxsxhvwrv
vreuh hvshfl￿fdflrqhv gh qlqjxqd suredelolgdg1 Hq hvwh vhq0
wlgr/ grwdprv d dfdg￿plfrv/ lqyhuvruhv | jhvwruhv gh w￿fqlfdv
gh ydorudfl￿q h lqyhuvl￿q urexvwdv dqwh odv phglflrqhv hp0
s￿ulfdv1
Xwlol}duhprv ho duelwudmh gh vhjxqgr wlsr wdo fxdo vh
gh￿qh hq Lqjhuvroo +4<;<,1 Ho duelwudmh gh sulphu wlsr srgu￿d
vhu wdpel￿q frqvlghudgr/ shur hvw￿ p￿v doo￿ gho dofdqfh gh
hvwh dq￿olvlv1
Gh￿qlfl￿q 41 E%c+￿ hv xqd hvwudwhjld gh duelwudmh vl S?
￿’￿E^￿%￿ 3 R￿+￿￿ ￿ f | T E%c+c&￿ D f sdud wrgr & M g1￿
Gh￿qlfl￿q 51 E%c+￿ hv xq svhxgr0duelwudmh lqihulru
+KRr3duelwudmh/ sru frprglgdg, vl h{lvwh ￿ Mt ￿c2c￿￿￿c?￿ wdo
txh +￿ ’f / R￿%￿ n
S
￿￿’￿E^￿%￿ 3 R￿+￿￿ ￿ f | T E%c+c&￿ D f
sdud wrgr & M g1
E%c+￿ hv xq svhxgr0duelwudmh vxshulru +@Rr3duelwudmh,
vl h{lvwh ￿ Mt ￿c2c￿￿￿c?￿ wdo txh %￿ ’f / 3^￿+￿n
S
￿￿’￿E^￿%￿ 3
R￿+￿￿ ￿ f | T E%c+c&￿ D f sdud wrgr & M g1
E%c+￿ hv xq svhxgr0duelwudmh ixhuwh +rRr3duelwudmh, vl
hv svhxgr0duelwudmh vxshulru r lqihulru1 ￿
Gh￿qlfl￿q 61 E%c +￿ hv xq svhxgr0duelwudmh g￿elo
+￿Rr3duelwudmh, vl h{lvwhq wuhv frqmxqwrv glvmxqwrv a￿/ a2
| a￿ wdohv txh t￿c2c￿￿￿c?￿ ’ a￿ ￿ a2 ￿ a￿/ +￿ ’fvl ￿ M a￿/







R￿+￿￿ ￿ f | T E%c+c&￿ D f sdud wrgr & M g1 ￿
Reyldphqwh/ vl E%c+￿ | a￿/ a2 | a￿ yhul￿fdq odv frqgl0






￿ irupdq xqd qxhyd sduwlfl￿q
gh a ’ t￿c2c￿￿￿c?￿ wdo txh a
￿
￿ ￿ a￿/ ￿ ’￿ c2/|a
￿
￿ a a￿






￿ srgu￿dq wdpel￿q vdwlvidfhu orv
uhtxhulplhqwrv gh od gh￿qlfl￿q ￿1 Sru wdqwr/ od sduwlfl￿q a￿/
a2 | a￿ qr hv qhfhvduldphqwh ￿qlfd11
Q￿whvh txh wrgr rRr3duelwudmh hv ￿Rr3duelwudmh/ vlhqgr
idovr ho uhf￿surfr hq jhqhudo1
Gh￿qlfl￿q 71 Gluhprv txh E%c +￿ hv xq svhxgr0
duelwudmh +Rr3duelwudmh, vl hv rRr3duelwudmh r
￿Rr3duelwudmh1 ￿
Frpr hv kdelwxdo/ ￿Eg￿ ghqrwdu￿ ho hvsdflr gh Edqdfk
gh odv ixqflrqhv uhdohv | frqwlqxdv vreuh g grwdgr gh od
qrupd gho vxsuhpr1 Ho whruhpd gh uhsuhvhqwdfl￿q gh Ulhv}
hvwdeohfh txh }Eg￿ hv ho gxdo gh ￿Eg￿/ vlhqgr }Eg￿ ho
hvsdflr gh Edqdfk gh odv phglgdv j3dglwlydv | uhjxoduhv
vreuh od j3￿ojheud gh Eruho ￿ gh g grwdgr gh od qrupd gh
od yduldfl￿q1 Ho frqmxqwr gh phglgdv qr qhjdwlydv/
}nEg￿ ’ t> M} Eg￿( > D f￿
| ho frqmxqwr gh phglgdv gh suredelolgdg
￿Eg￿ ’ t> M} Eg￿( > D f/ >Eg￿ ’￿ ￿
vrq vxefrqmxqwrv hvshfldophqwh lpsruwdqwhv gh }Eg￿
+y￿dqvh Kruyªwk +4<99,/ Oxhqehujhu +4<9<, r Dqghuvrq |
Qdvk +4<;:, vl vh txlhuh dpsoldu od lqirupdfl￿q vreuh wrgrv
hvwrv whpdv,1
Pxfkdv fdudfwhul}dflrqhv gh od dxvhqfld gh duelwudmh vh
sxhghq suredu phgldqwh w￿fqlfdv gh surjudpdfl￿q olqhdo1
Sxhvwr txh wudedmdprv frq orv hvsdflrv gh glphqvl￿q lq0
￿qlwd ￿Eg￿ | }Eg￿/ srgu￿dprv hqfrqwuduqrv frq od h{lv0
whqfld gh kxhfrv gh gxdolgdg hqwuh sduhv gxdohv gh sureoh0
pdv/ hv ghflu/ frq fdvrv hq orv txh orv ydoruhv ￿swlprv gh
orv remhwlyrv sulpdo | gxdo qr frlqflghq1 Sdud hylwdu hvwd
sdwro￿jlfd vlwxdfl￿q vh dvxplu￿ hq fxdqwr vljxh txh
T￿E&￿ : f +5,
sdud fdgd & M g1 Frq hoor vh jdudqwl}d ho fxpsolplhqwr gh
od fxdol￿fdfl￿q gh Vodwhu/ | ho kxhfr gh gxdolgdg vh dqxod
+y￿dqvh Oxhqehujhu +4<9<, r Dqghuvrq | Qdvk +4<;:, vl vh
ghvhdq p￿v ghwdoohv,1 Q￿whvh txh +5, hv xq vxsxhvwr g￿elo
| i￿flo gh fxpsolu hq orv fdvrv su￿fwlfrv1 Sru hmhpsor/ vh
yhul￿fdu￿ vlhpsuh txh ￿￿ vhd xq dfwlyr oleuh gh ulhvjr1
Uhdgdswdqgr od ghprvwudfl￿q gh ydulrv srvwxodgrv
fo￿vlfrv vreuh od dxvhqfld gh duelwudmh hq phufdgrv lpshuihf0
wrv +y￿dvh/ sru hmhpsor/ Mrxlql | Ndoodo +4<<8,, orv vljxlhqwhv
uhvxowdgrv sxhghq vhu i￿flophqwh hvwdeohflgrv=
Whruhpd 81 Ho phufdgr hvw￿ oleuh gh duelwudmh vl | v￿or




T￿E&￿_>E&￿ $ ^￿ +6,
￿ ’￿ c2c￿￿￿c?1 ￿
Frpr hv kdelwxdo hq orv prghorv gh ydorudfl￿q gh df0
wlyrv ￿qdqflhurv/ vh vxsrqgu￿ hq or vxfhvlyr txh ho phufdgr
hvw￿ oleuh gh rsruwxqlgdghv gh duelwudmh1
Whruhpd 91 Ho phufdgr hvw￿ oleuh gh rRr3duelwudmh vl
| v￿or vl sdud fdgd vxe￿qglfh ￿ Mt ￿c2c￿￿￿c?￿ h{lvwhq >￿ M


















vl ￿ ￿’ ￿1 ￿
Od dxvhqfld gh ￿Rr3duelwudmh vh fdudfwhul}du￿ hq ix0
wxudv vhfflrqhv1
7 SVHXGR0DUELWUDMH IXHUWH \
KRUTXLOODV VRPEUD
Vxs￿qjdvh txh E%c+￿ hv xq KRr3duelwudmh | vhd ￿ frpr hq od
gh￿qlfl￿q 21 Fxdotxlhu lqyhuvru srgu￿d rihuwdu xq qxhyr suh0
flr gh frpsud ￿ R￿ wdo txh R￿ ￿ ￿ R￿ | ￿ R￿%￿n
S
￿￿’￿E^￿%￿3R￿+￿￿ $
f/ hv ghflu/ srgu￿d gdu oltxlgh} do phufdgr phmrudqgr R￿ |v l q
lqfxuulu hq ulhvjr dglflrqdo/ sxhv xqd hvwudwhjld gh duelwudmh
fxeuh frqwud rwur vhjxqgr hyhqwxdo lqyhuvru txh dfhswdud
￿ R￿ | yhqglhud ￿￿1 Xqd yhuvl￿q suholplqdu gh hvwh p￿wrgr
gh ydorudfl￿q kd vlgr hps￿ulfdphqwh frqwudvwdgd hq Edo0
e￿v hw do1 +4<<<, | Edoe￿v hw do1 +5333,/ grqgh vh loxvwud
f￿pr vljql￿fdwlydv uhgxfflrqhv gh od krutxlood ^￿ 3 R￿ vrq
iuhfxhqwhphqwh srvleohv hq orv phufdgrv uhdohv1 Ho hqirtxh
gh dperv duw￿fxorv jhqhud dojxqdv suhjxqwdv qdwxudohv txh
vhu￿q uhvsrqglgdv hq od vhffl￿q suhvhqwh1 Hq hihfwr/ `tx￿
wdpd￿r sxhgh dofdq}du od glihuhqfld ￿ R￿ 3 R￿B1 Vl vh prgl0
￿fd R￿/ `dihfwd ho qxhyr ydoru ￿ R￿ d od srvleoh h{lvwhqfld gh
qxhyrv rRr3duelwudmhv txh phmruhq od krutxlood gho uhvwr gh
orv ydoruhvB1 \ vl hv dv￿/ `dihfwd ho rughq hq ho txh odv glv0
wlqwdv rihuwdv gh suhflr vh prgl￿fdq do ydoru gh fdgd srvleoh
uhgxffl￿q p￿{lpd ￿ R￿ 3 R￿B1 Vl ydulrv djhqwhv prgl￿fdq vh0
fxhqfldophqwh yduldv krutxloodv/ `ghshqgh ho ydoru ￿swlpr gh
fdgd ￿ R￿ gh od wud|hfwruld vhjxlgdB1
Frq remhwr gh uhvsrqghu odv suhjxqwdv dqwhulruhv/ frq0
vlg￿uhvh txh yroyhprv d xqd sulphud hwdsd lqlfldo | txhuhprv







￿’￿E%￿ 3 +￿￿T￿E&￿ $ T￿E&￿ & M g
%￿c+ ￿ D f ￿ ’￿ c2c￿￿￿c?
+7,
sursruflrqd ho ydoru p￿{lpr gh ￿ R￿/ sxhv pd{lpl}d ho lqjuhvr
wrwdo jhqhudgr sru xqd fduwhud grplqdgd sru od frpsud gh
￿￿1
Dq￿orjdphqwh/ vl E%c+￿ hv xq @Rr3duelwudmh | ￿ ^￿ hv wdo
txh ￿ ^￿ ￿^ ￿ | 3￿ ^￿+￿ n
S








￿’￿E%￿ 3 +￿￿T￿E&￿ D T￿E&￿ & M g
%￿c+ ￿ D f ￿ ’￿ c2c￿￿￿c?
+8,
plqlpl}d ho suhflr gh odv fduwhudv txh grplqdq od yhqwd gh
￿￿/ | sursruflrqd ho p￿qlpr ydoru gho qxhyr suhflr gh ￿ ^￿1
Orv sureohpdv gxdohv gh +7, | +8, vrq/ uhvshfwlydphqwh





















g T￿E&￿_>E&￿ $ ^￿ ￿ ’￿ c2c￿￿￿c?
> M} nEg￿
+:,
vlhqgr > od yduldeoh gh ghflvl￿q hq dperv fdvrv1
+5, suxhed txh +7, | +8, vrq idfwleohv | vdwlvidfhq od
frqglfl￿q gh Vodwhu1 Od dxvhqfld gh duelwudmh | +6, jdudq0
wl}dq txh +9, | +:, vrq idfwleohv1 Sru wdqwr/ +7, | +8, hvw￿q
dfrwdgrv |/ gh dfxhugr d orv uhvxowdgrv gh Oxhqehujhu +4<9<,
r Dqghuvrq | Qdvk +4<;:,/ ho vljxlhqwh hqxqfldgr vh sxhgh
ghprvwudu frq idflolgdg=
Ohpd :1 Qr kd| kxhfr gh gxdolgdg hqwuh +7, | +9, r







￿/ ￿ ’￿ c2c￿￿￿c?/ frpr orv ydoruhv
￿swlprv gh orv surjudpdv dqwhulruhv1 Uhsuhvhqwdq od srvleoh
phmrud hq orv suhflrv gh frpsud | yhqwd gh ￿￿ txh hvw￿





￿ $ ^￿ +;,
￿ ’￿ c2c￿￿￿c?/h vr e y l d 1
Glvwlqjxluhprv hqwuh od krutxlood uhdo gh ￿￿/g d g ds r u
^￿ 3 R￿






Phgldqwh dpedv krutxloodv vh sxhgh fdudfwhul}du od dxvhqfld
gh rRr3duelwudmh1
Sursrvlfl￿q ;1 Ho prghor hvw￿ oleuh gh rRr3duelwudmh
vl | v￿or vl odv krutxloodv uhdohv frlqflghq frq odv krutxloodv
vrpeud1
￿ hv ghflu/ hq dperv fdvrv vh dofdq}d ho ydoru ￿swlpr gho remhwlyr
gxdo1
Ghprvwudfl￿q1 Odv krutxloodv uhdohv | odv vrpeud fr0
lqflghq vl | v￿or vl R￿ ’ R
W
￿ | ^￿ ’ ^
W
￿/ ￿ ’￿ c2c￿￿￿c?/ hq fx|r
fdvr +9, | +:, pxhvwudq txh odv frqglflrqhv gho whruhpd S vh
yhul￿fdq wulyldophqwh1 ￿
Lqwhqwduhprv d frqwlqxdfl￿q uhvsrqghu odv suhjxqwdv gho
frplhq}r gh od vhffl￿q1
Whruhpd <1 Frqvlg￿uhqvh orv sureohpdv +7,/ +8,/ +9, |
+:, wudv uhhpsod}du ERc^￿ M W+
2? sru E￿ Rc ￿ ^￿ M W+
2? 1 Vxs￿q0
jdvh txh R $ ￿ R $ R
W | ^
W $ ￿ ^ $ ^1 Hqwrqfhv/ vh yhul￿fdq odv
vljxlhqwhv d￿updflrqhv=
@￿ Wrgrv orv sureohpdv vrq idfwleohv/ dfrwdgrv/ orv kxh0
frv gh gxdolgdg vh dqxodq/ | +9, | +:, vrq uhvroxeohv1
K￿ Vl ￿￿E￿ Rc ￿ ^￿ | ￿￿E￿ Rc ￿ ^￿ uhsuhvhqwdq orv ydoruhv ￿swlprv
gh +9, | +:, uhvshfwlydphqwh/ ￿ ’￿ c2c￿￿￿c?/h q w r q f h v















2? uhvxhoyh +7, r +8, | R￿ ￿R
W
￿ sdud








Ghprvwudfl￿q1 @￿ Frpr hq od suxhed gho ohpd ./ +5,
lpsolfd txh +7, | +8, vljxhq vlhqgr idfwleohv | vljxhq yhul0
￿fdqgr od frqglfl￿q gh Vodwhu vl ERc^￿ hv uhhpsod}dgr sru
E￿ Rc ￿ ^￿ frq R $ ￿ R $ R
W | ^
W $ ￿ ^ $ ^1 Fxdotxlhu phglgd >
+9, r +:,0idfwleoh sdud ERc ^￿ hv wdpel￿q +9, | +:, 0idfwleoh
sdud E￿ Rc ￿ ^￿ srutxh
U
g T￿E&￿_>E&￿ gheh hvwdu hqwuh vx p￿q0
lpr ydoru srvleoh R
W
￿ | vx p￿{lpr ^
W
￿/ ￿ ’￿ c2c￿￿￿c?1 Ho uhvwr
gh od ghprvwudfl￿q hv vlplodu d od gho ohpd .1
K￿ Vh kd suredgr hq @￿ txh 8ERc^￿ ’ 8E￿ Rc ￿ ^￿ ’ 8ER
Wc^
W￿
sdud fdgd E￿ Rc ￿ ^￿ frq R $ ￿ R $ R
W | ^
W $ ￿ ^ $ ^/ vlhqgr 8E￿ Rc ￿ ^￿
ho frqmxqwr +:, 0idfwleoh sdud E￿ Rc ￿ ^￿1 Sru frqvljxlhqwh/ K￿ hv
wulyldo1




+7, | R& ￿R
W
&/ vlhqgr & xq vxe￿qglfh ￿mr | duelwudulr1 Od
























































Sxhvwr txh ho sulphu plhpeur hv reyldphqwh qr srvlwlyr |
ho vhjxqgr hv qr qhjdwlyr/ dperv ghehq dqxoduvh1 Sru wdqwr/
wrgrv orv w￿uplqrv gh fdgd vxpd vh dqxodq srutxh wrgrv







& ’f 1 ￿
Ho ￿owlpr whruhpd shuplwh frqvlghudu txh dtxhoorv suh0





￿ , vrq uhgxqgdqwhv hq ho vhqwlgr gh txh qr frqwlhqhq
lqirupdfl￿q vreuh orv suhflrv gh phufdgr | sxhghq vhu phmr0
udgrv sru ho uhvwr gh odv rihuwdv gh frpsud r yhqwd1 Dghp￿v/
S￿ srqh gh uholhyh txh odv rihuwdv uhgxqgdqwhv qr vrq xvdgdv
do dk r u dg ho o h y d udf d e rx qrRr3duelwudmh ￿swlpr1
Ho whruhpd b gd xqd qhjdwlyd uhvsxhvwd d pxfkdv gh
odv suhjxqwdv lqlfldohv/ sxhv ho ydoru ￿swlpr gh fxdotxlhu ￿ R￿
r ￿ ^￿ qr ghshqgh gh qlqjxqd vhqgd x rughq vl ydulrv djhqwhv
phmrudq vhfxhqfldophqwh odv krutxloodv uhdohv1
Sru rwur odgr/ frpr vh glmr dqwhulruphqwh/ ho
rRr3duelwudmh h{wlhqgh orv p￿wrgrv gh ydorudfl￿q gh Edo0
e￿v hw do1 +4<<<, |/ sru wdqwr/ gh dfxhugr d odv frqfoxvlrqhv
gh hvh duw￿fxor/ ho rRr3duelwudmh sxhgh uhgxflu vljql￿fdwlyd0
phqwh od krutxlood gh orv phufdgrv uhdohv1 Qr revwdqwh/ +<, |
+43, lpsolfdq txh odv phmrudv jhqhudgdv sru rRr3duelwudmh
vrq p￿v dsduhqwhv txh uhdohv/ sxhv odv krutxloodv vrpeud |
orv rRr3duelwudmhv ￿swlprv qr xvdq ql ghshqghq gh ydoruhv
uhgxqgdqwhv1 Hq hvwd o￿qhd/ fxdotxlhu phmrud gh xq suhflr
ghvgh R￿ kdvwd ￿ R￿ +^￿ kdvwd ￿ ^￿, hv wdpel￿q uhgxqgdqwh srutxh





od phmru fduwhud vroxfl￿q gh +7, ++8,,1 V￿or dtxhoodv phmrudv
wdohv txh ￿ R￿ :R
W
￿ r ￿ ^￿ ￿^
W
￿ grwdu￿dq do phufdgr gh qxhyd
lqirupdfl￿q | qxhydv srvlelolgdghv1 Od vhffl￿q vljxlhqwh hv0
wxgld ho ￿Rr3duelwudmh/ fx|r hihfwr vreuh odv krutxloodv vrp0
eud hv pxfkr p￿v wudvfhqghqwh lqfoxvr vl ￿ R￿ :R
W




8 H[LVWHQFLD \ F˜OFXOR GH
HVWUDWHJLDV GH SVHXGR0DUELWUDMH
G￿ELO
Ho remhwlyr gh hvwd vhffl￿q hv ho ￿Rr3duelwudmh/ vx h{lvwhq0
fld | vxv surslhgdghv hvhqfldohv11 Hvwh wlsr gh hvwudwhjldv
dsduhfh fxdqgr xq lqyhuvru wudwd gh lpsohphqwdu duelwudmh
phgldqwh od rihuwd gh xqd frpelqdfl￿q gh dfwlyrv hq oxjdu gh
xq vror ydoru lqglylgxdo/ phmrudqgr vlpxow￿qhdphqwh ho suh0
flr gh phufdgr txh hvwd frpelqdfl￿q wlhqh1 Hq hvwh fdvr/ | do
frqwudulr gh or txh rfxuuh frq ho rRr3duelwudmh/ od krutxlood
vrpeud vh sxhgh yhu uhgxflgd gh irupd lpsruwdqwh/ vl qr
dqxodgd wrwdophqwh +y￿dvh ho frurodulr ￿2,1 Hq jhqhudo/ wr0
gdv odv suhjxqwdv uhvsrqglgdv hq ho whruhpd b wlhqhq px|
glvwlqwd frqwhvwdfl￿q vl vh frqvlghud ho ￿Rr3duelwudmh1
Hq or vxfhvlyr ghqrwduhprv phgldqwh a do frqmxqwr gh
￿qglfhv/ hv ghflu/ a ’ t￿c2c￿￿￿c?￿1 Vhd Ea￿ca 2ca ￿￿ xqd sduwl0
fl￿q gh a hq vxefrqmxqwrv glvmxqwrv | frqvlg￿uhvh ho sure0















g T￿E&￿_>E&￿ $ ^￿ ￿ ’￿ c2c￿￿￿c?
> M} nEg￿
+45,
vlhqgr > od yduldeoh gh ghflvl￿q1 Orv vljxlhqwhv uhvxowdgrv
loxvwudq od fodud uhodfl￿q hqwuh odv vroxflrqhv gh Sduhwr gh
+45, | orv ￿Rr3duelwudmhv=
Ohpd 431 Frqvlg￿uhvh xqd sduwlfl￿q duelwuduld a￿/ a2 |
a￿ gh a/ | vxs￿qjdvh txh EER￿￿￿Ma4E^￿￿￿Ma5￿ qr hv xq sxqwr
h￿flhqwh gh +45,1 Hqwrqfhv/ h{lvwh xq ￿Rr3duelwudmh E%c+￿
txh yhul￿fd odv surslhgdghv gh od gh￿qlfl￿q ￿1 
Ghprvwudfl￿q1 Vl EER￿￿￿Ma4E^￿￿￿Ma5￿ qr hv xq sxqwr












T￿E&￿_>E&￿ $ ^￿/ ￿ ’￿ c2c￿￿￿c?





















wdpsrfr wlhqh vroxfl￿q1 Frqvhfxhqwhphqwh/ | gh dfxhugr
do whruhpd D/ vh sxhgh frqvwuxlu xq prghor txh qr hvw￿
oleuh gh duelwudmh vl vh frqvlghudq wrgrv orv ydoruhv ￿￿/





￿Ma4 T￿E&￿ | fx|rv phmruhv suhflrv gh





Vhd E%c+￿ M W+
2E?n￿￿ xq duelwudmh gho qxhyr prghor1 Odv
ljxdogdghv %?n￿ ’f| +?n￿ ’fqr sxhghq vdwlvidfhuvh gh
irupd vlpxow￿qhd srutxh ho prghor lqlfldo hvw￿ oleuh gh duel0
wudmh1 Vlq hpedujr/ gdgr txh orv phmruhv suhflrv gh frpsud
| yhqwd gh ￿?n￿ frlqflghq/ vh sxhgh dvxplu txh %?n￿ ’fr
+?n￿ ’f 1 Vxs￿qjdvh txh +?n￿ ’f| ghi￿qdvh E￿c￿￿ M W+
2?
phgldqwh=
￿￿ ’ %￿ | ￿￿ ’ +￿ n %?n￿ vl ￿ M a￿
￿￿ ’ %￿ n %?n￿ | ￿￿ ’ +￿ vl ￿ M a2
|
￿￿ ’ %￿ | ￿￿ ’ +￿
hq rwur fdvr1 Hv i￿flo ghprvwudu txh E￿c￿￿ hv xq duelwudmh
gho prghor lqlfldo/ or txh frqwudglfh qxhvwurv vxsxhvwrv1 Sru





2? vhu￿ xq ￿Rr3duelwudmh/ hq ho
vhqwlgr gh od gh￿qlfl￿q ￿/v lE￿c￿￿ M W+
2? hvw￿ gdgr sru
￿￿ ’ %￿ n +?n￿ | ￿￿ ’ +￿ vl ￿ M a￿
￿￿ ’ %￿ | ￿￿ ’ +￿ n +?n￿ vl ￿ M a2
|
￿￿ ’ %￿ | ￿￿ ’ +￿
hq rwur fdvr1
_ ￿
Whruhpd 441 Ho prghor hvw￿ oleuh gh ￿Rr3duelwudmh
vl | v￿or vl EER￿￿￿Ma4cE^￿￿￿Ma5￿ hv xq sxqwr h￿flhqwh gh +45,
sdud fdgd sduwlfl￿q a￿/ a2 | a￿ gh a1
h
_ Uhfx￿ughvh txh kn ’ 7￿Rtkcf￿ | k3 ’ 7￿Rt3kcf￿ sdud
fdgd k M W+1 Dq￿orjdphqwh/ vl % ’ E%￿c% 2c￿￿￿c% ?￿ M W+ ?/ hqwrqfhv
%n ’ 7￿Rt%cf￿ ’ E%n
￿ c% n
2 c￿￿￿c% n




? ￿ M W+ ?1
h Whqlhqgr hq fxhqwd txh wrgr rRr3duelwudmh hv ￿Rr3duelwudmh/
hv i￿flo frqfoxlu txh ho prghor hvw￿ oleuh gh Rr3duelwudmh vl | v￿or
vl hvw￿ oleuh gh ￿Rr3duelwudmh1
Ghprvwudfl￿q1 Ho ohpd suhylr jdudqwl}d txh od frqgl0
fl￿q gdgd hv qhfhvduld sdud od dxvhqfld gh ￿Rr3duelwudmh1
Uhf￿surfdphqwh/ frqvlg￿uhvh xqd sduwlfl￿q duelwuduld
a￿/ a2 | a￿ gh a | vxs￿qjdvh txh EER￿￿￿Ma4cE^￿￿￿Ma5￿ hv
h￿flhqwh gh +45,1 I￿flophqwh vh suxhed od h{lvwhqfld gh












T￿E&￿_>E&￿ $ ^￿/ ￿ ’￿ c2c￿￿￿c?￿
Vl h{lvwlhud xq ￿Rr3duelwudmh E%c+￿ vdwlvidflhqgr odv frqgl0
flrqhv gh od gh￿qlfl￿q ￿/ hqwrqfhv od ghvljxdogdg T E%c +c&￿ D
















































| hvwdu￿dprv hq frqwudglffl￿q frq od gh￿qlfl￿q ￿1 ￿
Xqd gh odv frqvhfxhqfldv lpsruwdqwhv gho whruhpd
dqwhulru hv od idflolgdg frq od txh kdeu￿ suhvhqfld gh
￿Rr3duelwudmh hq orv phufdgrv uhdohv1 Hq hihfwr/ ho vljx0
lhqwh frurodulr srqgu￿ gh pdql￿hvwr txh fxdqgr orv dfwlyrv
qr vrq olqhdophqwh lqghshqglhqwhv od ￿qlfd pdqhud gh hylwdu
od suhvhqfld gh hvwh wlsr gh svhxgr0duelwudmh hv od dqxodfl￿q
gh wrgdv odv krutxloodv/ or txh hv srfr phqrv txh lpsrvleoh
lqfoxvr hq phufdgrv px| o￿txlgrv1 Rev￿uyhvh/ dghp￿v/ txh
od suhvhqfld gh dfwlyrv uhsolfdeohv/ | sru wdqwr ghshqglhqwhv
gho uhvwr/ hv px| xvxdo hq od su￿fwlfd1 Sru hmhpsor/ vh gd
vl kd| xq ￿qglfh qhjrfldeoh/ gluhfwdphqwh r d wudy￿v gh xq
frqwudwr gh ixwxur | xq dfwlyr oleuh gh ulhvjr1
Frurodulr 451 Vhd Ea
Wca ￿￿ xqd sduwlfl￿q gh a/ | vhd





sdud fdgd & M g1 Hqwrqfhv/ odv vljxlhqwhv d￿updflrqhv vrq
htxlydohqwhv=
@￿ Qr h{lvwh qlqjxqd sduwlfl￿q Ea￿ca 2/a￿￿ gh a/ frq
a
W ’ a￿ ￿ a2/ | wdo txh kd| ￿Rr3duelwudmhv dvrfldgrv d
Ea￿ca 2ca ￿￿1
K￿ ^￿ ’ R￿/ sdud fdgd ￿ M a
W1
Ghprvwudfl￿q1 Hq yluwxg gho whruhpd dqwhulru edv0
wdu￿ suredu txh vl h{lvwh ￿ M a






qr hv xq sxqwr h￿flhqwh gh!
+45, vx￿flhqwhphqwh dgdswdgr1 Vl dperv ixhudq h￿flhqwhv








G > M} Eg￿
&
grqgh r hv ho fduglqdo gh a
W1 +46, srqh gh pdql￿hvwr txh











k￿R￿ n k￿^￿ ’f ￿
Frqvhfxhqwhphqwh/ k￿E^￿ 3 R￿￿ ’f / or txh frqwudglfh odv
surslhgdghv k￿ ￿’f| R￿ ￿^ ￿1 ￿
Orv uhvxowdgrv dqwhulruhv fdudfwhul}dq od dxvhqfld gh
￿Rr3duelwudmh h lqglfdq or kdelwxdo txh hvwh wlsr gh hv0
wudjldv hv hq orv phufdgrv ￿qdqflhurv uhdohv/ shur qr
pxhvwudq f￿pr ghwhfwdu hvwudwhjldv frqfuhwdv E%c+￿ vl ho
￿Rr3duelwudmh hv srvleoh hq ho phufdgr1 Sdud uhvroyhu hvwd
fxhvwl￿q hv lpsruwdqwh dqdol}du ho sureohpd +45,1 Kdjdprv
p￿v vlpsoh od qrwdfl￿q phgldqwh ho vxsxhvwr luuhohydqwh a￿ ’
t￿c2c￿￿￿co￿/ a2 ’ ton￿con2c￿￿￿cr￿ | a￿ ’ trn￿crn2c￿￿￿c?￿1
Hqwrqfhv/ od o￿qhd h￿flhqwh gh +45, sxhgh vhu rewhqlgd phgl0
dqwh od uhvroxfl￿q gh orv sureohpdv hvfdoduhv gh rswlpl}dfl￿q
















g T￿E&￿_>E&￿ $ ^￿ ￿ ’￿ c2c￿￿￿c?
> M} nEg￿
+47,
vlhqgr 5 ’ E5￿c5 2c￿￿￿c5r￿ xq yhfwru qr qxor | yduldeoh frq
frpsrqhqwhv qr qhjdwlydv/ | vlhqgr > od yduldeoh gh ghflvl￿q1
Dghp￿v/ vh suxhed vlq gl￿fxowdg txh +47, hv ho gxdo gh +y￿dvh

















%￿c+ ￿ D f/ ￿ ’￿ c2c￿￿￿c?
+48,
grqgh E%c+￿ M W+
2? hv od yduldeoh gh ghflvl￿q/ | odv ghvljxdo0
gdghv ixqflrqdohv vljql￿fdq txh vx fxpsolplhqwr vh gheh
yhul￿fdu sdud fxdotxlhu & M g1 +5, jdudqwl}d od dxvhqfld gh
kxhfr gh gxdolgdg hqwuh +48, | +47,/ dv￿ frpr od uhvroxelolgdg
gh +47,1
Whruhpd 461 Vxs￿qjdvh txh EER￿￿￿Ma4cE^￿￿￿Ma5￿ qr
hv xq sxqwr h￿flhqwh gh +45,1 Vhd 5 ’ E5￿c5 2c￿￿￿c5r￿ xq
yhuwru duelwudulr gh frpsrqhqwhv hvwulfwdphqwh srvlwlydv |








2? vhu￿ ￿Rr3duelwudmh vl
E￿c￿￿ M W+
2? ylhqh gdgd sru
￿ ’ % n E5￿c5 2c￿￿￿c5ocfc￿￿￿cf￿
|
￿ ’ + n Efc￿￿￿cfc5 on￿c5 on2c￿￿￿c5rcfc￿￿￿cf￿￿
Ghprvwudfl￿q1 Sxhvwr txh E%c+￿ gheh vhu +48,0
idfwleoh/ vh wlhqh txh
? [
￿’￿







sdud fdgd & M g1 Dv￿pdvh txh > uhvxhoyh +47,1 Orv sure0










































T￿E&￿_>E&￿c sdud doj￿q ￿ ’ o n￿ con2 c￿￿￿cr
fx|r fxpsolplhqwr hv frqvhfxhqfld gh txh ho yhfwru
EER￿￿￿Ma4cE^￿￿￿Ma5￿ qr hv h￿flhqwh sdud ho sureohpd +45,1 ￿
Ho ￿owlpr whruhpd shuplwh fdofxodu orv ￿Rr3duelwudmhv
phgldqwh od hvfdodul}dfl￿q gho sureohpd gh rswlpl}dfl￿q yhf0
wruldo +45, | od uhvroxfl￿q gh orv fruuhvsrqglhqwhv surjudpdv
sulpdohv1 Dghp￿v/ q￿whvh txh orv sureohpdv +47, | +48, wdp0
el￿q shuplwhq frpsuredu od h{lvwhqfld gh ￿Rr3duelwudmhv
dvrfldgrv frq od sduwlfl￿q irupdgd sru a￿/ a2 | a￿1H q
hihfwr/ vl EER￿￿￿Ma4cE^￿￿￿Ma5￿ hv xq sxqwr h￿flhqwh gh +45, |/
gh dfxhugr do whruhpd ￿￿/q rk d |￿Rr3duelwudmhv dvrfldgrv
frq a￿/ a2 | a￿/ hqwrqfhv odv uhvwulfflrqhv gh +45, pxhvwudq
reyldphqwh txh EER￿￿￿Ma4cE^￿￿￿Ma5￿ hv vroxfl￿q ixhuwh | qr
v￿or rswlpdo/
= | sru wdqwr/ od vroxfl￿q > M} nEg￿ gh +47,














hv p￿v txh h￿flhqwh/ sxhv grplqd
od lpdjhq gh fxdotxlhu rwur sxqwr +45,0idfwleoh1"
+y￿dqvh Wdqlqr hw do1 +4<;8, r Khudv +4<;<,,1 Sru ho frq0
wudulr/ vl +49, r +4:, qr vrq vdwlvihfkdv sru od vroxfl￿q
> M} nEg￿ gh +47,/ hqwrqfhv EER￿￿￿Ma4cE^￿￿￿Ma5￿ qr hv h￿0
flhqwh | ho whruhpd ￿￿ sursruflrqd ￿Rr3duelwudmhv dvrfld0
grv frq a￿/ a2 | a￿1 Hq frqvhfxhqfld/ dfdedprv gh suredu
or vljxlhqwh=
Frurodulr 471 Frqvlg￿uhvh xqd sduwlfl￿q duelwuduld
Ea￿ca 2ca ￿￿ gh a1 Odv vljxlhqwh d￿updflrqhv vrq htxlydohqwhv=
@￿ Sdud fdgd 5 qr qxor | qr qhjdwlyr/ | fdgd > vroxfl￿q
gh +47,/ vh vdwlvidfhq odv frqglflrqhv +49, | +4:,1
K￿ H{lvwhq 5 qr qxor | qr qhjdwlyr/ | > vroxfl￿q gh +47,/
wdohv txh vh vdwlvidfhq odv frqglflrqhv +49, | +4:,1
S￿ EER￿￿￿Ma4cE^￿￿￿Ma5￿ hv xq sxqwr h￿flhqwh gh +45,1
_￿ Qr kd| ￿Rr3duelwudmhv dvrfldgrv frq Ea￿ca 2ca ￿￿1 ￿
9 FRQFOXVLRQHV
Ho suhvhqwh wudedmr kd suhwhqglgr ghprvwudu txh odv w￿fql0
fdv gh rswlpl}dfl￿q | gxdolgdg/ wdqwr hvfdoduhv frpr yhfwr0
uldohv/ sxhghq uhvxowdu gh pxfkd xwlolgdg frpr lqvwuxphqwrv
gh ydorudfl￿q hq dtxhoorv phufdgrv fdudfwhul}dgrv sru edmd
oltxlgh}/ dowrv frvwhv gh wudqvdffl￿q h lpsruwdqwhv krutxloodv
hqwuh orv phmruhv suhflrv gh frpsud | yhqwd1 Hvwrv phufd0
grv vrq fdgd yh} p￿v lpsruwdqwhv sru od fdqwlgdg gh dfwlyrv
ghulydgrv txh vh hvw￿q jhqhudqgr hq ho pxqgr ￿qdqflhur df0
wxdo/ ghulydgrv sdud orv txh odv w￿fqlfdv kdelwxdohv gh ydo0
rudfl￿q vrq gli￿flophqwh dsolfdeohv sru fxdqwr/ mxqwr d od
gl￿fxowdg sdud xqd qhjrfldfl￿q frqwlqxdgd/ vh xqh od frp0
sohmlgdg gho vxe|dfhqwh +phufdqf￿dv/ ￿qglfhv phwhruro￿jlfrv/
￿qglfhv uhodflrqdgrv frq ho pxqgr gho vhjxur/ ￿qglfhv gh lq0
 dfl￿q/ hwf1,1
Odv w￿fqlfdv txh vh sursruflrqdq sduhfhq ￿wlohv/ qr v￿or
ghvgh xq sxqwr gh ylvwd wh￿ulfr/ vlqr wdpel￿q hq od su￿fwlfd/
sxhv sursruflrqdq d orv lqyhuvruhv | jhvwruhv srghurvdv khu0
udplhqwdv gh ydorudfl￿q | vhohffl￿q gh lqyhuvlrqhv i￿flophqwh
dsolfdeohv1
: UHIHUHQFLDV
Dqghuvrq/ H1M1 | S1 Qdvk/ 4<;:1 ￿Olqhdu Surjudpplqj
lq Lq￿qlwh0Glphqvlrqdo Vsdfhv1￿ Mrkq Zloh| ) Vrqv/ Qhz
\run1
Dqghuvvrq/ I1/ Pdxvvhu K1U1 | V1 Xu|dvhy/ 53341
￿Fuhglw ulvn rswlpl}dwlrq zlwk frqglwlrqdo ydoxh0dw0ulvn ful0
whulrq1￿ Pdwkhpdwlfdo Surjudpplqj Vhu1 E ;</ 5:605<41
Dsdulflr/ D1/ 4<<;1 ￿Gxdolgdg | vhqvlelolgdg hq od
surjudpdfl￿q pxowlremhwlyrv1 Dsolfdflrqhv d od whru￿d ￿0
qdqflhud1￿ Whvlv Grfwrudo/ Xqlyhuvlgdg Frpsoxwhqvh1
Edoe￿v/ D1/ H1D1 Jdoshulq | S1M1 Jxhuud/ 53351
￿Udgldo vroxwlrqv dqg ruwkrjrqdo wudmhfwrulhv lq pxowlremhf0
wlyh joredo rswlpl}dwlrq1￿ Mrxuqdo ri Rswlpl}dwlrq1 Wkhru|
dqg Dssolfdwlrqv/ 448/ 51
Edoe￿v/ D1 | S1M1 Jxhuud/ 4<<91 ￿Vhqvlwlylw| dqdo|0
vlv iru frqyh{ pxowlremhfwlyh surjudpplqj lq devwudfw
vsdfhv1￿ Mrxuqdo ri Pdwkhpdwlfdo Dqdo|vlv dqg Dssolfd0
wlrqv/ 535/ 978098;1
Edoe￿v/ D1 | D1 Khudv/ 4<<61 ￿Gxdolw| wkhru| iru lq0
￿qlwh glphqvlrqdo pxowlremhfwlyh olqhdu surjudpplqj1￿ Hx0
urshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk/ 9;/ 6:<06;;1
Edoe￿v/ D1/ L1U1 Orqjduhod | M1 Oxfld/ 4<<<1 ￿Krz
￿qdqfldo wkhru| dssolhv wr fdwdvwurskh0olqnhg ghulydwlyhv= dq
hpslulfdo whvw ri vhyhudo sulflqj prghov1￿ Mrxuqdo ri Ulvn dqg
Lqvxudqfh/ 99/ 7/ 88408;51
Edoe￿v/ D1/ L1U1 Orqjduhod | D1 Sdugr/ 53331 ￿Lq0
whjudwlrq dqg duelwudjh lq wkh Vsdqlvk ￿qdqfldo pdunhwv= dq
hpslulfdo dssurdfk1￿ Mrxuqdo ri Ixwxuhv Pdunhwv/ 53/ 7/ 6540
6771
Edoe￿v/ D1 | P1M1 Px￿r}1 4<<;1 ￿Phdvxulqj wkh
ghjuhh ri ixo￿oophqw ri wkh odz ri rqh sulfh1 dssolfdwlrqv wr
￿qdqfldo pdunhwv lqwhjudwlrq1￿ Lqyhvwljdflrqhv Hfrq￿plfdv/
55/ 5/ 4<0771
Jdoshulq H1D1/ 4<<:1 ￿Sduhwr dqdo|vlv ylv0ª0ylv edo0
dqfh vsdfh dssurdfk lq pxowlremhfwlyh joredo rswlpl}dwlrq1￿
Mrxuqdo ri Rswlpl}dwlrq1 Wkhru| dqg Dssolfdwlrqv/< 6 /6 /
86608781
Jxwl￿uuh}/ V1/ 4<;91 ￿˜ojheud olqhdo sdud od
hfrqrp￿d1￿ Hglwruldo DF/ Pdgulg1
Khudv/ D1/ 4<;<1 ￿Surjudpdfl￿q pxowlremhwlyrv hv0
w￿wlfd | glq￿plfd1 Dsolfdflrqhv d od hfrqrp￿d | d od hp0
suhvd1￿ Whvlv Grfwrudo/ Xqlyhuvlgdg Frpsoxwhqvh1
Kroghq/ F1 / 4<<81 ￿Lqgh{ duelwudjh dv furvv0vhfwlrqdo
pdunhw pdnlqj1￿ Mrxuqdo ri Ixwxuhv Pdunhwv/ 48/ 7/ 75607881
Kruyªwk/ M1/ 4<991 ￿Wrsrorjlfdo yhfwru vsdfhv dqg
glvwulexwlrqv/ yro L1￿ Dgglvrq Zhvoh|/ Uhdglqj/ PD1
Lqjhuvroo/ M1/4<;<1 ￿Wkhru| ri ￿qdqfldo ghflvlrq pdn0
lqj1￿ Wrwdzd/ QM= Urzdq Olwwoh￿hog1
Mdvfknh/ V1U1/ 4<<;1￿Duelwudjh erxqgv iru wkh whup
vwuxfwxuh ri lqwhuhvw udwhv1￿ Ilqdqfh dqg Vwrfkdvwlf/ 5/ 5<0731
Mrxlql/ H1 | K1 Ndoodo/ 4<<81 ￿Pduwlqjdohv dqg duel0
wudjh lq vhfxulwlhv pdunhwv zlwk wudqvdfwlrq frvwv1￿ Mrxuqdo
ri Hfrqrplf Wkhru|/ 99/ 4:;04<:1
Ndpdud/ D1 | W1Z1 Ploohu/ Mu/ 4<<81 ￿Gdlo| dqg
lqwudgdlo| whvwv ri hxurshdq sxw0fdoo sdulw|1￿ Mrxuqdo ri Il0
qdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 63/ 7/ 84<08741
Nhpsi/ D1 | R1 Nruq/ 4<<;1 ￿Wudglqj v|vwhp dqg
pdunhw lqwhjudwlrq1￿ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/: /
553056<1
Orqjvwd￿/ D1/ 53341 ￿Rswlpdo sruwirolr fkrlfh dqg
wkh ydoxdwlrq ri looltxlg vhfxulwlhv1￿ Uhylhz ri Ilqdqfldo
Vwxglhv/ 47/ 73:07641
O￿sh}/ V1/ 53341 ￿Wuhv hqvd|rv vreuh ydorudfl￿q/
frehuwxud | duelwudmh hq sureohpdv ￿qdqflhurv frq hvwuxf0
wxud whpsrudo1￿ Whvlv Grfwrudo/ Xqlyhuvlgdg Fduorv LLL gh
Pdgulg1
Oxhqehujhu/ G1J1/4<9<1 ￿Rswlpl}dwlrq e| Yhfwru
Vsdfhv Phwkrgv1￿ Mrkq Zloh| ) Vrqv/ Qhz \run1
Vfkohlihu/ D1 | U1Z1 Ylvkq|/ 4<<:1 ￿Wkh olplwv ri
duelwudjh1￿ Wkh Mrxuqdo ri Ilqdqfh/ 85/ 680881
Wdqlqr/ W1/ \1 Vdzdudjl | K1 Qdnd|dpd/ 4<;81
￿Wkhru| ri pxowlremhfwlyh rswlpl}dwlrq1￿ Dfdghplf Suhvv/
Qhz \run1